OBJECTIVE: To determine whether or not abdominal obesity is associated with the intima-media thickness (IMT) of the carotid artery wall independently of total body obesity and major risk factors for atherosclerosis. DESIGN: Longitudinal epidemiological study. SUBJECTS: A total of 573 middle-aged employees of a utility company. MEASUREMENTS: Sagittal and transverse abdominal diameters, their ratio and difference were used as measures of abdominal obesity. RESULTS: Abdominal diameters and body mass index (BMI) were significantly associated with blood pressure, serum lipoproteins and fasting insulin. In cross-sectional multiple regression models, the sagittal/transverse ratio and BMI were significantly associated with IMT in the presence of atherosclerosis risk, but the sagittal diameter was not. In longitudinal models, baseline BMI was an independent predictor of IMT progression but the sagittal and transverse diameters were not. CONCLUSION: These findings do not support the hypothesis that abdominal obesity is an independent predictor of carotid artery IMT. The consistent pattern of association of measures of general obesity with carotid artery IMT emphasizes the continuing need for prevention and control of this important risk factor.
Introduction
The general concern about increasing levels of obesity in many populations is becoming more pronounced with the accumulating evidence that excess abdominal fat contributes to the development of clinical cardiovascular disease independently of the effect of total body fat. [1] [2] [3] [4] [5] [6] [7] Two unresolved issues are whether central obesity is associated with the primary pathogenesis of atherosclerosis or with factors which precipitate clinical events, and whether the contribution of abdominal obesity is mediated through the pathway of associations with the well-known biological causal factors such as high blood pressure, abnormal lipoprotein levels and glucose intolerance, [8] [9] [10] [11] or if other factors such as inflammation or coagulation are involved. 12 Early cohort-based autopsy studies showed little evidence of association of total body obesity with atherosclerosis, but none of them included measures of central obesity. 13 One international autopsy study showed no association of the thickness of the abdominal panniculus (subcutaneous fat pad) with raised lesions in the coronary arteries or aortas in any of the study population subgroups; 14 however, a recent study of young adults did report a significant association between the thickness of the abdominal panniculus and extent of atherosclerosis in the right coronary artery. 15 B-mode ultrasonography provides a noninvasive measure of preclinical atherosclerosis in the carotid arteries, but to date the results concerning abdominal obesity have been inconsistent. Several early cross-sectional studies included only measures of total body obesity, usually body mass index (BMI), and many of them reported no significant associations with intima-media thickness (IMT) of the common carotid artery. [16] [17] [18] [19] Of the two large cross-sectional studies which included waist-hip ratios as measures of abdominal obesity, one found a significant association with IMT 20 and one did not. 21 The strongest support for the atherogenic concept of abdominal obesity comes from a prospective study of Finnish men, which showed significant associations between waist-hip ratios and 4-y progression of IMT and atherosclerotic plaque height.
The purpose of this study was to examine the cross-section and prospective associations of abdominal obesity with measures of carotid artery wall thickness, independently of total body obesity and the major risk factors for atherosclerosis, in a cohort of middle-aged men and women who were free of clinical cardiovascular disease at the initial examination.
Methods and materials
Subjects Details of the methods used in the Los Angeles Atherosclerosis Study (LAAS) have been described previously. 23, 24 Briefly, the LAAS is a longitudinal investigation of the risk factors for the development of atherosclerosis. A cohort was randomly sampled from employees of a large utility company. Sampling was performed within age and sex strata, with oversampling of smokers and persons of Hispanic background. The women sampled were aged 45-60 y and men were aged 40-60 y. Persons with a history of myocardial infarction, angina, revascularization, stroke or current treatment for cancer were excluded. Baseline examinations were conducted in 1995-1996 for 573 participants with complete ultrasound images. Two follow-up examinations occurred at intervals of one and a half years for 500 (87%) of the initial participants. Carotid IMT was available for all the 500 followed participants, but abdominal diameters were missing for two participants and potential biological mediators were missing for five participants.
Risk-factor measurement
Established and possible risk factors for atherosclerosis were measured by nurse-assisted questionnaire and physical examination. All examinations occurred at the worksite in a mobile examination unit. Height and weight were determined in light clothing, and BMI was calculated as wt (kg)/ht 2 (m 2 ). The seated blood pressure was determined by two readings with a standard sphygmomanometer after a minimum of 10 min rest. Blood was drawn after a minimum of 8 h fasting, and fasting insulin, total cholesterol, high-and low-density lipoprotein cholesterol, and triglycerides were determined by an autoanalyzer. Smoking history, medication use, physical activity, and other factors were measured by an interview and questionnaire.
Abdominal obesity measurements
The ratio of the sagittal (height) to transverse (width) abdominal diameters was used as an indirect measure of abdominal obesity. Owing to concerns with the use of ratios, 25, 26 the separate components were also examined.
The diameters were measured by a calipers midway between the lower rib margin and the superior anterior iliac crest, with the subjects in a supine position on a hard surface. The sagittal diameter was the distance between the back surface and the top of the abdomen. The transverse diameter was the distance between the two sides of the abdomen.
Carotid artery ultrasound Segments (1 cm) of the left and right common carotid artery far walls, 0.25 cm proximal to the dilation of the carotid bulb, were scanned with a 7.5 MHz transducer (ATL-UM4 þ ). Videotapes were processed using automated software with an edge-detection algorithm. 23 Several parameters were measured, including the average distance between the lumenintima echo and the media-adventitia echo over the selected 1 cm segments.
Statistical procedures
Relations between measures of central obesity and IMT were estimated using linear regression models estimated by ordinary least squares. Models were initially estimated including interaction terms between body size measures and sex. However, none of these interactions were significant, so interactions were not included.
In longitudinal analyses, the progression of IMT over the three examinations was related to body size using a mixed model (Mixed procedure, SAS Institute). The time of examination (0, 1.5, 3 y) and the intercept (IMT at time ¼ 0) were specified as random variables, while baseline body measurements were specified as fixed effects. The random effects were participant-specific deviations from cohort averages. Relations between IMT progression and body measurements were modeled as interactions between time and a fixed effect, while cross-sectional associations between initial IMT and body size were modeled as fixed effects. The variance-covariance matrix of the random effects was unconstrained, and the correlation between initial IMT and rate of progression was strong (r ¼ 0.67, Po0.001). All estimates were obtained by maximum likelihood.
Results
Baseline measures of risk factors and common carotid artery IMT were available for 569 of the 573 cohort individuals, including 267 women and 302 men. Selected characteristics of the study group at baseline are shown in Table 1 . Men had higher mean levels of IMT than women, but the differences were not statistically significant. While men were taller and weighed more than women, there were no meaningful differences in their BMI and sagittal and transverse diameters. There was no significant difference in the progression of IMT by sex. Table 2 compares the age-partialled correlation coefficients of the sagittal diameter, the sagittal/transverse ratio, and BMI with the major cardiovascular disease risk factors and other body measures. Overall, there was little meaningful difference in the associations of these measures of obesity with the major risk factors. All three measures were significantly Abdominal obesity D Reed et al associated with blood pressure, serum lipoproteins, fasting insulin, and weight. None was associated with smoking status. Only the sagittal diameter was significantly associated with height for males, and only BMI was significantly (inversely) associated with alcohol intake for females. The coefficients for the transverse diameter were quite similar to those for the sagittal diameter and identical in levels of statistical significance (data not shown). Both abdominal diameters were highly correlated with each other, and with BMI and body weight, at correlation coefficient levels of greater than 0.85 for both sexes.
The question of whether or not baseline measures of abdominal obesity were associated with carotid artery IMT independently of general body obesity and the major atherosclerosis risk factors were examined with multiple regression models. Owing to reported concerns with the use of BMI and other ratios as measures of obesity, 25, 26 several different combinations were examined, as shown in Table 3 . Model 1 included age, sex, smoking status, and alcohol intake. Model 2 included the additional measures of systolic blood pressure, HDL and non-HDL cholesterol, triglyceride, and fasting plasma insulin.
In the presence of either the combination of body weight and height or of BMI and height, the sagittal/transverse ratio was significantly associated with carotid artery IMT in both models. The pattern was similar for the difference in abdominal diameters (sagittal minus transverse) adjusted for the average of the diameters (an approximation of waist circumference that was not associated with IMT). Thus, these associations were independent of measures of general obesity and of the major atherosclerosis risk factors. When the sagittal and transverse diameters were used in place of their ratio or difference, and controlled for weight and height, the association of the sagittal diameter with IMT was not significant in the model with the biological risk factors, while the inverse association of the transverse diameter was significant in both models. General obesity, measured either by weight with height or BMI with height, was significantly associated with carotid artery IMT, independently of the other risk factors. There was a significant interaction of the BMI-IMT relation with age, in which the association decreased in the older age groups. A trend in the opposite direction for the sagittal/transverse ratio was not significant.
The prospective models of the 3-y progression of carotid artery IMT on measures of body composition (in microns per year per unit of body measure) are shown in Table 4 , and are illustrated in Figure 1 (by quintiles) . None of the combinations of the sagittal and transverse diameters was significantly associated with IMT progression in either model. BMI was significantly associated with IMT progression in the presence of the ratio and difference of the sagittal and transverse diameters, and the atherosclerosis risk factors. In separate models using body weight and height in place of BMI, there was no significant association of the sagittal or transverse diameters with IMT, while weight was 
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significantly associated with IMT at a level similar to that of BMI (data not shown). There were no significant interactions with age in these longitudinal models. Systolic blood pressure, current smoking, fasting serum non-HDL cholesterol, and BMI were significantly and independently associated with progression of IMT. Age, sex, alcohol intake, fasting plasma insulin, serum HDL cholesterol, and serum triglycerides were not independently related to IMT progression. If the magnitude of the association between IMT progression and abdominal obesity was comparable to that for BMI, then the power to detect the abdominal obesity association would have been 82% for a two-tailed alpha level of 5%.
Discussion
The biological support for the concept that abdominal obesity is a causal factor for atherosclerosis is based upon the combination of the anatomical and metabolic properties of intraperitoneal fat. 12, 27, 28 Visceral fat has a higher lipolytic activity than subcutaneous fat, and readily releases high levels of fatty acids and glycerol directly to the liver via the portal vein. This leads to increased production of 
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very-low-density lipoprotein triglyceride and hepatic glucose, and decreased hepatic insulin clearance. As visceral fat is resistant to the antilipolytic effects of insulin, this process may contribute to postprandial hyperlipidemia and hyperglycemia, and, in turn, to insulin resistance. Visceral fat, like adipose tissue in general, also has key roles in the regulation of coagulation, fibrinolysis, and low-level inflammation, and is strongly correlated with C-reactive protein. 12, 29 There are several problems in relating epidemiologic studies of abdominal obesity to this conceptual rationale of the atherogenicity of visceral fat. Several different indirect measures of abdominal obesity have been used; most commonly the waist circumference and waist-to-hip ratio, and all of them include both subcutaneous and intraabdominal fat. Some measures are made with the subject standing and some supine, and the effects of gravity result in systematic differences. 30 Furthermore, the information regarding the usefulness of the different anthropometric measures is inconsistent. Rissanen et al 28 compared nearly all of the current measures for associations with metabolic risk factors and concluded that no one was significantly better than the others. Others have reported that the waist circumference and sagittal diameter are better than the waist-to-hip ratio, 31 that the waist circumference and waistto-hip ratio are better than the sagittal diameter, 30 and that the sagittal diameter is better than the waist-to-hip ratio and waist circumference. 32 Most of these comparisons were based upon levels of correlations rather than tests of difference; the methods of measurement differed greatly and all of the measures were highly intercorrelated. 28 Comparisons of the different measures of central obesity for association with the visceral adipose tissue are also inconsistent. Sjostrom 33 used computer tomography and reported that the sagittal diameter of supine subjects was the optimal predictor of visceral fat. Pouliot et al 31 also used computer tomography to measure visceral fat and anthropometric measures, and reported that the sagittal diameter was significantly correlated with visceral fat at a higher level than the waist-to-hip ratio. In contrast, van der Kooy et al 30 used magnetic resonance imaging on obese subjects, and reported that the sagittal diameter was less strongly correlated with visceral fat than waist circumference and waist-to hip ratio in women, while the measures were similar in men. A recent comparison of associations of IMT with abdominal fat and general adiposity among 849 Japanese men included computed tomography measures of subcutaneous and intraabdominal fat, BMI, waist circumference, and waist-to hip ratio. 34 Individually, all measures of abdominal obesity were significantly associated with IMT, but adjustment for BMI eliminated all associations except for that of the waist-to-hip ratio. The authors concluded that intra-abdominal fat did not have an association with IMT independent of general adiposity, and urged caution in using the waist-to-hip ratio as a surrogate measure of abdominal fat. The findings from the baseline measures in the present study are consistent with the complex ideas concerning the effects of visceral fat upon metabolic risk factors, to the extent that the sagittal and transverse abdominal diameters and their ratio were all strongly correlated with the lipoprotein and insulin components of the metabolic syndrome. In regard to associations with carotid artery IMT, the findings were less clear. Both the ratio of diameters and their difference were significantly associated with carotid artery IMT, independently of the measures of total body obesity and the major risk factors for atherosclerosis. Analyses of the individual diameters indicated that the transverse diameter was the key aspect of these associations, as the values for the sagittal diameter were reduced to a nonsignificant level in the presence of the biological risk factors. The sum of diameters (an approximation of waist circumference) was not independently related to IMT. In the longitudinal analyses, none of the measures of the sagittal and transverse diameters was associated with IMT progression, while measures of total body obesity were.
While the findings from cross-sectional analyses are intriguing and deserve further examination, the overall pattern of associations for the different measures does not support the hypothesis that abdominal obesity is related to carotid artery IMT independent of general obesity. The consistent pattern of significant associations for measures of total body obesity with carotid artery IMT does add support to the importance of this risk factor, independent of the possible mediating effects of dyslipidemia and insulin resistance.
Owing to the present findings and the inconsistencies among the reports of other measures of abdominal obesity, we think that it would be premature to set any specific level of measures of abdominal obesity, such as those noted by Pouliot et al, 31 as high-risk levels. Future studies would benefit from the use of direct measures of abdominal fat distribution.
From the perspective of prevention, there is ample evidence that obesity, however it is measured, is causally related to major biological risk factors for atherosclerosis, and other chronic diseases and numerous clinical trials indicate that these risk factors can be altered by weight loss. 35, 36 Prevention and control of obesity should have a high priority.
